Dipyridine copper chloride is used as an efficient catalyst in the Pechmann condensation reaction of phenols with ethyl acetoacetate, in solvent-free media leading to the formation of coumarin derivatives using both conventional heating and microwave irradiation in excellent yields with good purity.
Introduction
The synthesis of coumarins and their derivatives has attracted considerable attention from organic and medicinal chemists for many years as a large number of natural products contain this heterocyclic nucleus. They are widely used as additives in food, perfumes, cosmetics, pharmaceuticals 1 A valuable method for the synthesis of coumarins is the Pechmann reaction, of phenols, using concentrated sulfuric acid as the catalyst. 9 By-products are formed and the reaction needs a long time, and introduces corrosion problems. 10 For these reasons there have been some attempts to find alternative environmentally benign synthetic routes. Nafion-H, 11 amberlyst 15, 12 montmorillonite clay, 13 and other solid acids 14 have been employed for this purpose in the Pechmann condensation. Some organic acids and metallic Lewis acids are also examined in this transformation. 15 Although these methods are suitable for certain synthetic applications, many of these procedures are associated with one (or more) disadvantages such as expensive or corrosive reagents, long reaction time, tedious workup, and low selectivity. Large amounts of solid supports result in the generation of a large amount of toxic waste. Pechmann reactions have also been conducted in chloroaluminate ionic liquids. 16 However in the case of the chloroaluminate ionic liquid method, it requires the use of HCl for quenching the reaction mixture, thus making the process costly and environmentally hazardous. Consequently there is scope for further development of milder reaction conditions, increased variation of the substituents in both components and better yields.
Results and Discussion
In view of the current trust in catalytic processes, there is merit in developing a truly catalytic method for the formation of 4-substituted coumarins. Now, we have found that an analogous condensation reaction can be conveniently performed under neutral and mild conditions in the presence of a catalytic amount of CuPy 2 Cl 2 . 17 Because of the presence of two pyridine rings, the electron deficiency increases on the nitrogen so it efficiently acts as a Lewis acid. 18 The versatility of copper dipyridine dichloride encouraged us to carry out the von Pechmann reaction under benign reaction conditions. This is a novel, one-pot condensation that not only preserves the simplicity of the Pechmann condensation reaction but also consistently produces excellent yields of the coumarin derivatives and greatly decreases environmental pollution. In the conventional method (Method A) different phenols and ethyl acetoacetate were heated under reflux in the presence of dipyridine copper chloride to afford the products in 30-135 min. As part of our ongoing work with microwave irradiation, different phenols were heated under solvent free conditions with ethyl acetoacetate in the presence of dipyridine copper chloride in a microwave oven ( Method B) for the appropriate time ( 1.
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6. Yields refer to pure products and all products were characterized by comparison of their mp, IR, 1 HNMR spectra with those of authentic samples
